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tivecommons.org/licenses/by-nc-Summary Background: The index of hemoglobin (IHb) has not been applied in colonoscopy to
correlate the histological features of colon polyps. This study tested whether the net change of
IHb values between polyp and normal mucosa correlates with the pathological features of co-
lon polyps.
Patients and methods: This study consecutively enrolled patients who underwent colonoscopy
during September 2011eAugust 2012 in a single tertiary referral colorectal unit. Endoscopic
pictures and IHb values of each part of the colon were taken at the levels of cecum, ascending
colon, transverse colon, sigmoid colon, and rectum. The net change of IHb values was calcu-
lated as follows: IHb value of colon polyp minus that of the surrounding mucosa.
Results: A total of 117 patients (32 with hyperplastic polyp, 5 with sessile serrated adenoma,
53 with tubular adenoma, 10 with villotubular adenoma, and 3 with adenocarcinoma) were re-
cruited. The net change of IHb values increased in following order: hyperplastic polyp, tubular
adenoma, sessile serrated adenoma, villotubular adenoma, and adenocarcinoma (3.8  6.3,
1.2  1.7, 1.2  5.7, 2.9  8.1, and 12.7  9.3, respectively; p < 0.001). Alcohol drinking
and serum hemoglobin level were two independent factors related to the IHb values of non-
polyp colon mucosa. Using a cutoff value of 2.4 for the net change of IHb values, selected
based on the receiver operating characteristic curve analysis, the optimal sensitivity (52.9%)of Internal Medicine, National Cheng Kung University Hospital, College of Medicine, National Cheng
orth District, Tainan 70403, Taiwan.
o.com.tw (W.-Y. Chen).
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162 W.-C. Cheng et al.and specificity (75.6%) could be achieved for defining the polyp histology as an advanced colon
lesion.
Conclusion: The net change of IHb values between colon polyp and nonpolyp mucosa can
correlate with the pathological features of colon polyps. A positive net change of IHb values
may indicate a more adverse histological pattern with a higher malignant potential.
Copyright ª 2015, The Gastroenterological Society of Taiwan, The Digestive Endoscopy Society
of Taiwan and Taiwan Association for the Study of the Liver. Published by Elsevier Taiwan LLC.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).Introduction
Colorectal cancer is the third leading cause of cancer death
in Taiwan [1]. An early screening with colonoscopy offers
benefits such as interruption of the adenomaecarcinoma
sequence of colorectal cancer [2,3]. Endoscopic diagnosis
of the colorectal disease is based on the observation of the
color tone and the structure of lesion mucosa to predict the
underlying pathological change. Despite the color change of
the lesion being important for diagnosis, only subjective
and descriptive terms can be provided in the endoscopic
report. Thus, a more objective and quantitative measure-
ment is really needed to define the exact degree of mucosal
change or even to implicate the clinicalepathological
significance.
The index of hemoglobin (IHb) can be used objectively to
evaluate the hemoglobin (Hb) content in gastrointestinal
mucosa instantly during endoscopy. It was designed based
on the detection of the peak absorption of light by Hb, to
objectively measure the mucosal redness [4]. The IHb
assessed during gastrointestinal endoscopy can detect the
gastric Helicobacter pylori infection [5,6], predict the
treatment response to erosive reflux esophagitis [7], and
facilitate the detection of malignant gastric or colonic le-
sions [8,9]. The study further determined whether the IHb
modality in colonoscopy can be correlated with the ade-
noma carcinoma sequence and can predict the malignant
risk of colon polyp instantly during colonoscopy.Materials and methods
Patients and demographic background
The study consecutively enrolled patients who underwent
colonoscopy during September 2011 to August 2012, in the
Endoscopy Room of National Cheng Kung University Hospi-
tal, a tertiary referral medical center in southern Taiwan.
All elective colonoscopies performed during the study
period were screened for eligibility. Patients with poor
bowel preparation, failure of cecal intubation, contraindi-
cation for biopsy or polypectomy, previous operation with
altered vasculature at colorectal area, previous malignant
diseases with a systemic chemotherapy history, and a his-
tory of inflammatory bowel disease, and those under 18
years of age were excluded. In addition, patients who
declined to be a part of the study were also excluded. Prior
to data collection, approval was obtained from theInstitutional Review Board of National Cheng Kung Univer-
sity Hospital, Tainan, Taiwan.
Data on smoking, alcohol consumption, antihypertension
medication, aspirin or clopidogrel use, body weight, body
height, and body mass index were collected from the
medical records. Laboratory data including those on blood
Hb and creatinine levels were recorded.
Colonoscopy and IHb value acquisition
In this study, lower gastrointestinal electronic endoscopes
(CF-Q260AL; Olympus Optical, Tokyo, Japan) were used as
the standard equipment in all procedures. An endoscopic
image database system (EVIS-NET) was used to take white
light pictures and the IHb images on a personal computer
equipped with a 24-bit color image capture board. During
colonoscopy study, cecal intubation was achieved first and
the adequacy of colon preparation was recorded. Endo-
scopic pictures were taken at normal mucosa of each part
of the colon, including cecum, ascending colon, transverse
colon, sigmoid colon, and rectum. IHb values were instan-
taneously measured by endoscopy image system on the
frozen image and stored for further analysis. During mea-
surement of IHb values of normal mucosa, endoscopists
would make sure that there were no other lesions (such as
arteriovenous malformation or diverticulum) in the field to
avoid interference. Both white light pictures and IHb chart
pictures with IHb values were recorded. The IHb value of
each part of the colon is defined as the mean of two
measurements on frozen endoscopic images when the
endoscopic tip is placed at each level with 2 cm distance
from normal mucosa.
For the area of detected polyps during screening colo-
noscopy, the white light images and the IHb chart with IHb
values over the polyp and the adjacent normal mucosa
were taken and recorded in pairs to obtain the net change
of IHb values, defined as the difference between the IHb
value of colon polyp and that of the adjacent nonpolyp
mucosa. The size of each polyp was documented, and the
final pathology would also be retrieved for analysis after
complete removal of the polyp.
Statistical analysis
We first examined the clinical characteristics associated
with IHb values of normal colon mucosa. Pearson’s corre-
lation was used to determine the correlation between
blood Hb and mucosal IHb value. Next, we calculated the
Colon IHb and histology of adenoma 163net change of IHb values for each polyp. The continuous
data were expressed as mean  standard deviation. The
net change of IHb values among different pathological
types of polyps were compared with one-way analysis of
variance with post hoc analysis by Tukey’s honest signifi-
cant difference. Univariate linear regression analysis was
carried out to identify the factors associated with IHb
values in normal mucosa and the net change of IHb values in
colon polyps. All variables with an effect (with p  0.15)
were entered into multivariate linear regression models.
The b coefficients are presented with 95% confidence in-
tervals. A p value < 0.05 was considered statistically sig-
nificant. PAWS version 17 (IBM, Chicago, IL, USA), R version
3.0.0 with packages “beanplot” and “car” (http://www.R-
project.org) were used for statistical analysis.Results
A total of 117 patients who received colonoscopy were
consecutively recruited. Analysis of Hb and IHb correlation
was performed in 79 patients whose blood Hb was checked
before colonoscopy. There were 32 patients with hyper-
plastic polyp, five with sessile serrated adenoma, 53 with
tubular adenoma, 10 with villotubular adenoma, and three
with adenocarcinoma. The colon polyps found in 103 pa-
tients were used to determine their net change of IHb
values among the different pathological types of colon
polyps.
Factors associated with IHb value of nonpolyp colon
mucosa
The demographic data and clinical characteristics of the
patients are shown in Table 1. The mean age of study casesTable 1 Patients’ demographic features and indications
for colonoscopy.
All patients (n Z 79)
Age (y) 57.2  13.8 (23e87)
Male 42 (53.2)
Smoking 12 (15.2)
Hypertension 26 (32.9)
Alcohol use 8 (10.1)
Aspirin/clopidogrel use 5 (6.3)
BMI 23.9  3.9 (15.2e36.7)
Indication
FOBT positive 29 (36.7)
LGI bleeding 13 (16.5)
Previous colon polyp(s) for
follow-up or removal
12 (15.2)
Abdominal pain/tenesmus 9 (11.4)
Bowel habit change 5 (6.3)
Body weight loss 2 (2.5)
Palpable rectal mass 2 (2.5)
Other 4 (5.1)
Data are presented as n (%) or mean  SD (range).
BMI Z body mass index; FOBT Z fecal occult blood test;
LGI Z lower gastrointestinal; SD Z standard deviation.was 57.2 years. In Fig. 1, the serum Hb correlates with IHb
in cecum, ascending colon, transverse colon, and sigmoid
colon, and with the mean IHb of the five segments. In this
study, thus, the mean IHb value of the five sessions was
used as the nonpolyp colon mucosal IHb value in each case
for univariate and multivariate analyses. Based on multi-
variate analysis, alcohol drinking and serum Hb level can be
independent factors related to the value of IHb on nonpolyp
colon mucosa (Table 2).
Net change of IHb values and its association with
polyp pathology
In cases with colon polyp detection during colonoscopy, the
IHb values of each polyp and corresponding surrounding
normal mucosa were recorded. The net change of IHb
values in each polyp was calculated as follows: IHb value of
the polyp (at 2 cm distance from the lesion) minus that of
the adjacent nonpolyp mucosa. In Fig. 2, the net change of
IHb values increased in the following order: hyperplastic
polyp, tubular adenoma, sessile serrated adenoma, villo-
tubular adenoma, and adenocarcinoma (3.8  6.3,
1.2  1.7, 1.2  5.7, 2.9  8.1, and 12.7  9.3,
respectively; p < 0.001). In Table 3, hyperplastic polyp is
associated with a negative net change of IHb value. In
contrast, advanced colon lesions (defined as the detection
of an adenocarcinoma, an adenoma > 1 cm in size, a villous
component, or high-grade dysplasia) had a positive mean
net change of IHb values. The serum Hb was not associated
with the net change of IHb values in polyp.Figure 1 Modest correlations of IHb values between normal
mucosa at different segments of the colon and Hb.
Hb Z hemoglobin; IHB Z index of hemoglobin.
Table 2 Univariate and multivariate linear regression of factors associated with normal mucosal IHb.
Univariate Multivariate
b (95% CI) p b (95% CI) p
Age (per y) 0.06 (0.21 to 0.15) 0.141 0.06 (0.02 to 0.14) 0.116
Sex (male to female) 1.78 (0.50 to 4.06) 0.124 0.48 (1.83 to 2.77) 0.684
Smoking 1.60 (1.59 to 4.80) 0.321
Drinking* 4.75 (1.07 to 8.42) 0.012 3.94 (0.32 to 7.55) 0.033
Hypertension 0.67 (1.78 to 3.12) 0.588
Antiplatelet agent use 0.37 (e4.37 to 5.11) 0.877
Hb (per g/dL increase)* 0.89 (0.25 to 1.53) 0.007 0.73 (0.06 to 1.41) 0.033
Renal insufficiency
(Cr > 1.5 mg/dL)
3.86 (11.16 to 3.45) 0.296
Obesity (BMI > 27) 0.004 (3.33 to 3.34) 0.998
BMI Z body mass index; CI Z confidence interval; Cr Z creatinine; Hb Z hemoglobin; IHb Z index of hemoglobin.
*p < 0.05 by multivariate linear regression.
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advanced lesions could be the independent factors that are
associated with a positive net change of IHb values. Based
on the receiver operating characteristic curve analysis in
Fig. 3, the area under the receiver operating characteristic
curve was 0.719 for a net change of IHb of  2.4 to achieve
a sensitivity of 52.9% and specificity of 75.6%, to determine
the polyp as an advanced colon adenoma lesion.Figure 2 Beanplot showing the trend of net changes of IHb
values in polyps among different pathological types of colon
polyps. The dotted line represents the trend of the net change
of IHb values. The net change of IHb values between each
polyp and corresponding normal mucosa was compared. Data
are presented as mean  standard deviation. *p < 0.05; one
way ANOVA followed by Tukey’s post hoc test. **p < 0.01; one
way ANOVA followed by Tukey’s post hoc test.
ANOVA Z analysis of variance; IHB Z index of hemoglobin.Discussion
This study evaluated the clinical applicability of IHb in co-
lonoscopy and whether the net change of IHb values
correlated with different pathological types of colon
polyps. We found that IHb values in normal colon mucosa
are influenced by blood Hb and alcohol drinking status. Our
study is original in illustrating that the net change of IHb
values correlate with the pathology of colon polyps. This
study suggests that the use of such net change of IHb values
would be helpful in instantly identifying polyp lesions with
risk as advanced lesions during colonoscopy.
We found that there was a weak but statistically signif-
icant correlation between blood Hb and colon mucosal IHb.
The mean IHb of five different topographical segments of
the colon had a positive correlation with blood Hb (Fig. 1).
To our knowledge, this is the first study to demonstrate that
IHb of nonpolyp colon mucosa would be influenced by blood
Hb. In the multivariate analysis, increase of blood Hb and
alcohol drinking status are associated with increased IHb
values of colon mucosa (Table 2). To eliminate their influ-
ence, when assessing IHb values of colon polyps, we used
the net change of IHb values since it was not confounded by
blood Hb and alcohol drinking (Table 3).
Besides, our study disclosed that alcohol drinking would
increase the IHb values of colon mucosa. It can, in part, be
explained that alcohol consumption may impair the func-
tion of intestinal barrier by increasing endothelial perme-
ability to macromolecules with chronic inflammation [10].
We also found that the net change of IHb values
increased in the following order: hyperplastic polyp,
tubular adenoma/sessile serrated adenoma, villotubular
adenoma, and adenocarcinoma. Angiogenesis is an impor-
tant mechanism during colon tumorigenesis and induces
aberrant vessel formation [11]. Thus, the IHb value of colon
polyps should increase compared with that of the sur-
rounding normal mucosa, except for hyperplastic polyps
(Fig. 2). Such data seem to be compatible with the previous
findings showing Paris classification 0-IIa or IIc colorectal
lesions with higher IHb values [12]. Adaptive IHb color
enhancement image can help endoscopists identify such
flat or minute lesions during colonoscopy [13]. Our study is
Table 3 Univariate and multivariate linear regression of factors associated with net change of IHb values.
Univariate Multivariate
b (95% CI) p b (95% CI) p
Age (per y) 0.07 (0.04 to 0.18) 0.191
Sex (male to female) 0.54 (3.30 to 2.22) 0.699
HP versus others 3.76 (6.53 to 0.99) 0.008 2.45 (5.28 to 0.37) 0.088
Advanced lesion versus othersa 6.15 (2.79 to 9.52) <0.001 4.98 (1.29 to 8.67) 0.009
Alcohol drinking 3.40 (0.42 to 7.21) 0.080 0.79 (3.11 to 4.69) 0.689
Hb (per g/dL increase)b 0.100 (0.80 to 1.00) 0.825
CI Z confidence interval; Hb Z hemoglobin; HP Z hyperplastic polyp; IHb Z index of hemoglobin.
*p < 0.05 by multivariate linear regression.
a Advanced lesion is defined as detection of an adenocarcinoma, or an adenoma with size > 1 cm, villous component, or high-grade
dysplasia.
b Analyzed in 72 cases with serum Hb available.
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IHb values between polyp and nonpolyp surrounding normal
mucosa. Our data suggest that the positive value is asso-
ciated with increased vasculature and Hb content, and thus
can correlate with advanced pathology.
Our study has some limitations. First, our study did not
cover all histological types of colon polyps; for example,
traditional serrated adenoma and villous adenoma were
lacking. Moreover, only three cases of adenocarcinoma (2
patients with T1N0M0 stage and 1 case with T2N0M0 stage)
were included, and those with negative colonoscopy find-
ings declined to be included in this study. The demographic
data were collected from medical records, so detailsFigure 3 ROC curve revealing the net decrease of IHb values
to determine a hyperplastic polyp. The area under the curve
was 0.719. For a net IHb change, using 2.4, there were 52.9%
sensitivity and 75.6% specificity for determining a polyp as an
advanced lesion. ROC Z receiver operating characteristic.regarding alcohol consumption were lacking, including the
amount, frequency, and duration of alcohol drinking. The
sensitivity and specificity of determining the advanced
colon pathology of polyps by applying a cutoff value of
 2.4 of the net change of IHb values were relatively not so
satisfactory. Accordingly, the current net change of IHb
values can just serve as a supplementary tool to assist in
the prepathologic differentiation instantly by endoscopists.
It can tentatively serve as an instant supplementary marker
during colonoscopy to judge the potential risk of colon
adenoma. Finally, according to a previous study, image-
enhanced endoscopy such as narrow band image could
achieve 90% accuracy to differentiate colon neoplasms
from non-neoplastic polyps [14]. Moreover, the accuracy of
predicting invasion depth by chromoendoscopy with
magnification could be as high as 98% [15]. However, the
interobserver agreement varied [16,17]. Our study with
objective IHb values, which served as a different modality
and needed less learning experience, had only 71% accu-
racy in the differentiation of advanced polyps. It would be
interesting to test whether narrow band image plus IHb
modality could improve both the accuracy and the inter-
observer agreement to predict malignant transformation
and invasion depth of colon polyps in the future.
In conclusion, the net change of IHb values between
colon polyp and nonpolyp mucosa may correlate with the
pathological features of colon polyps. The positive net
change of IHb values may indicate a more adverse histo-
logical pattern with a higher malignant potential.Conflict of interest
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